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METHOD AND APPARATUS FOR
DETERMINING PISTON POSITION IN AN
ENGINEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
Application No. 60/794,411, filed Apr. 24, 2006, entitled

ENGINE CONTROL.

TECHNICAL FIELD

This 1invention relates to operation and control of internal
combustion engines, primarilly compression-ignition
engines.

BACKGROUND OF THE INVENTION

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

Engines operating lean of stoichiometry, including com-
pression-ignition engines and controlled auto-ignition
engines (e.g., HCCI), offer benefits including improved fuel
economy. Manufacturers of vehicles, including passenger
cars, commercial trucks, construction, and agricultural trac-
tors, must meet stringent emissions requirements to market
their products.

Various aspects of internal combustion engine controls are
known which rely on measurements that are indicative of
in-cylinder pressure, particularly location of peak pressure
(LPP), imndicated mean eifective pressure (IMEP), and abso-
lute peak pressure.

Manufacturing variations, including part-to-part variations
and assembly variation, sensor degradation, and engine com-
ponent wear all may lead to differences 1n compression ratio
and errors between sensed crank position and actual rota-
tional position of the pistons and crankshaft, between an
actual rotational position of the crankshait and piston, and a
rotational position that 1s sensed using conventional crank
sensor technology.

Timing of fuel injection relative to piston position 1s used to
control 1gnition and combustion timing in diesel engines.
Injection timing during the main compression stroke 1s the
main alternative control option for controlling 1ignition timing,
in diesel engines. Accurate detection of piston position and
injection of fuel are necessary for optimal operation of the
engine and for improved emissions performance and fuel
economy.

There 1s a need to control injection timing 1 a compres-
s10n-1gnition engine, improving emissions performance and
tuel economy, and minimizing engine noise.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the invention, there
1s provided a method and system to determine a position of a
piston 1n a cylinder of an engine. The engine include a direct-
injection, four-stroke internal combustion engine mcluding a
variable volume combustion chamber defined by the piston
reciprocating within the cylinder between top-dead-center
and bottom-dead-center points and a cylinder head compris-
ing an intake valve and an exhaust valve. The piston recipro-
cates 1n repetitive cycles with each cycle comprising intake,
compression, expansion, and exhaust strokes. The method
includes adapting a plurality of pressure sensing devices to

10

15

20

25

30

35

40

45

50

55

60

65

2

monitor in-cylinder pressure during ongoing operation, and,
operating the engine lean of stoichiometry. In-cylinder pres-
sure 15 momtored along with a corresponding engine crank
position. The engine 1s operated in a motoring mode, and a
plurality of instantaneous in-cylinder pressure states are
determined during the compression and expansion strokes.
The engine 1s operated 1n a cylinder firing mode, and a plu-
rality of instantaneous in-cylinder pressure states are deter-
mined during the compression and expansion strokes. Pres-
sure ratios are determined based upon the instantaneous
in-cylinder pressure states, ifrom which an engine crank angle
error 1s determined. The engine crank angle error 1s used to
adjust the monitored engine crank position based upon the
crank angle error.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take physical form 1n certain parts and
arrangement of parts, the embodiments of which are
described 1n detail and 1llustrated 1n the accompanying draw-
ings which form a part hereot, and wherein:

FIG. 1 1s a schematic drawing of an engine, in accordance
with an embodiment of the invention: and,

FIGS. 2-4 are data graphs, in accordance with an embodi-
ment of the mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, wherein the depictions are
for the purpose of illustrating embodiments of the invention
only and not for the purpose of limiting the same, FIG. 1
comprises a schematic diagram depicting an internal combus-
tion engine, control module 5, and exhaust aftertreatment
system 15, constructed 1n accordance with an embodiment of
the mvention.

The exemplary engine comprises a multi-cylinder, direct-
injection, compression-ignition internal combustion engine
having reciprocating pistons 22 attached to a crankshait 24
and movable 1n cylinders 20 which define variable volume
combustion chambers 34. The crankshaft 24 1s operably
attached to a vehicle transmission and driveline to deliver
tractive torque thereto, 1n response to an operator torque
request (To_REQ). The engine preferably employs a four-
stroke operation wherein each engine combustion cycle com-
prises 720 degrees of angular rotation of crankshait 24
divided into four 180-degree stages of intake-compression-
expansion-e¢xhaust, which are descriptive of reciprocating
movement of the piston 22 in the engine cylinder 20. A
multi-tooth target wheel 26 1s attached to the crankshaitt and
rotates therewith. The engine includes sensing devices to
monitor engine operation, and actuators which control engine
operation. The sensing devices and actuators are signally or
operatively connected to control module 3.

The engine preferably has an air/fuel operating regime that
1s primarily lean of stoichiometry. The skilled practitioner
understands that aspects of the mvention are applicable to
other engine configurations e.g., spark-1gnition engines. Dur-
ing normal operation of the compression-ignition engine, a
combustion event occurs during each engine cycle when a
tuel charge 1s 1njected into the combustion chamber to form,
with the intake air, the cylinder charge. The cylinder charge 1s
subsequently combusted by action of compression thereof
during the compression stroke.

Sensing devices are installed on or near the engine to
monitor physical characteristics and generate signals which
are correlatable to engine and ambient parameters. The sens-
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ing devices include a crankshatt rotation sensor, comprising a
crank sensor 44 for monitoring crankshait speed (RPM)
through sensing edges on the teeth of the multi-tooth target
wheel 26. The crank sensor 1s known, and may comprise, e.g.,
a Hall-effect sensor, an inductive sensor, or a magnetoresis-
tive sensor. Signal output from the crank sensor 44 (RPM) 1s
input to the control module 5. There 1s a combustion pressure
sensor 30, comprising a pressure sensing device adapted to
monitor in-cylinder pressure (coMe_ pPr). The combustion
pressure sensor 30 preferably comprises a non-intrusive
device comprising a force transducer having an annular cross-
section that 1s adapted to be installed into the cylinder head at
an opening for a glow-plug 28. The combustion pressure
sensor 30 1s installed 1n conjunction with the glow-plug 28,
with combustion pressure mechanically transmitted through
the glow-plug to the sensor 30. The output signal,
COMB_PR, of the sensing element of sensor 30 1s propor-
tional to cylinder pressure. The sensing element of sensor 30
comprises a piezoceramic or other device adaptable as such.
Other sensing devices preferably include a manifold pressure
sensor for monitoring manifold pressure (MAP) and ambient

barometric pressure (BARQO), a mass air flow sensor for moni-
toring intake mass air flow (MAF) and intake air temperature
(T,»), and, a coolant sensor 35 (COOLANT). The system
may include an exhaust gas sensor (not shown) for monitor-
ing states of one or more exhaust gas parameters, €.g., tem-
perature, air/fuel ratio, and constituents. One skilled in the art
understands that there may other sensing devices and meth-
ods for purposes of control and diagnostics. The operator
input, in the form of the operator torque request, To_ REQ, 15
typically obtained through a throttle pedal and a brake pedal,
among other devices. The engine 1s preferably equipped with
other sensors (not shown) for monitoring operation and for
purposes of system control. Each of the sensing devices 1s
signally connected to the control module 5 to provide signal
information which 1s transformed by the control module to
information representative of the respective monitored
parameter. It 1s understood that this configuration 1s illustra-
tive, not restrictive, mcluding the various sensing devices
being replaceable with functionally equivalent devices and
algorithms and still fall within the scope of the invention.

The actuators are installed on the engine and controlled by
the control module 3 1n response to operator inputs to achieve
various performance goals. Actuators include an electroni-
cally-controlled throttle device which controls throttle open-
ing to a commanded mput (ETC), and a plurality of fuel
injectors 12 for directly injecting fuel into each of the com-
bustion chambers 1n response to a commanded nput (IN-
J_PW), all of which are controlled 1n response to the operator
torque request (To_ REQ). There 1s an exhaust gas recircula-
tion valve 32 and cooler (not shown), which controls flow of
externally recirculated exhaust gas to the engine intake, 1n
response to a control signal (EGR) from the control module.
The glow-plug 28 comprises a known device, installed 1n
cach of the combustion chambers, adapted for use with the
combustion pressure sensor 30.

The fuel injector 12 1s an element of a fuel 1njection system,
which comprises a plurality of high-pressure fuel injector
devices each adapted to directly inject a fuel charge, compris-
ing a mass of fuel, mto one of the combustion chambers 1n
response to the command signal, INJ_PW, from the control
module. Each of the fuel injectors 12 are supplied pressurized
tuel from a fuel distribution system (not shown), and have
operating characteristics including a mimmum pulsewidth
and an associated minimum controllable fuel flow rate, and a
maximum fuel flowrate.
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The engine may be equipped with a controllable valvetrain
operative to adjust openings and closings of intake and
exhaust valves of each of the cylinders, including any one or
more of valve timing, phasing (1.e., timing relative to crank
angle and piston position), and magnitude of lift of valve
openings. One exemplary system includes variable cam phas-
ing, which 1s applicable to compression-ignition engines,
spark-1gnition engines, and homogeneous-charge compres-
s10n 1gnition engines.

The control module 5 1s preferably a general-purpose digi-
tal computer generally comprising a microprocessor or cen-
tral processing unit, storage mediums comprising non-vola-
tile memory including read only memory (ROM) and
clectrically programmable read only memory (EPROM), ran-
dom access memory (RAM), a high speed clock, analog to
digital (A/D) and digital to analog (D/A) circuitry, and mput/
output circuitry and devices (I/0) and approprate signal con-
ditioning and butfer circuitry. The control module has a set of
control algorithms, comprising resident program instructions
and calibrations stored in the non-volatile memory and
executed to provide the respective functions of each com-
puter. The algornithms are typically executed during preset
loop cycles such that each algorithm 1s executed at least once
cach loop cycle. Algorithms are executed by the central pro-
cessing unit and are operable to monitor mputs from the
aforementioned sensing devices and execute control and
diagnostic routines to control operation of the actuators, using
preset calibrations. Loop cycles are typically executed at
regular intervals, for example each 3.125, 6.25, 12.5, 25 and
100 milliseconds during ongoing engine and vehicle opera-
tion. Alternatively, algorithms may be executed 1n response to
occurrence ol an event. Event-based algorithms and engine
operation 1nclude pressure monitoring from the combustion
sensor 30, wherein measurements are taken corresponding to
cach tooth passing on the crank wheel 26. Thus, when the
crank wheel comprises a 60x-2x, 1.¢., a 58x wheel, combus-
tion sensing occurs each six degrees of crankshaift rotation,
with one tooth and measurement corresponding to crank set-
ting at O TDC for each piston.

The control module 5 executes algorithmic code stored
therein to control the aforementioned actuators to control
engine operation, icluding throttle position, fuel 1njection
mass and timing, EGR valve position to control tlow of recir-
culated exhaust gases, glow-plug operation, and control of
intake and/or exhaust valve timing, phasing, and lift, on sys-
tems so equipped. The control module 1s adapted to receive
input signals from the operator (e.g., a throttle pedal position
and a brake pedal position) to determine the operator torque
request, To_ REQ, and from the sensors indicating the engine
speed (RPM) and intake air temperature (T,,,), and coolant
temperature and other ambient conditions. The control mod-
ule 5 determines istantaneous control settings for fuel 1njec-
tion mass and timing, EGR valve position, and, intake and
exhaust valve phasing and lift set points from lookup tables 1n
memory.

Overall, the invention comprises a method to determine a
position ol a piston in a cylinder of the exemplary engine
during ongoing operation. The engine comprises a direct-
injection, four-stroke internal combustion engine including a
variable volume combustion chamber defined by the piston
reciprocating within the cylinder between top-dead-center
and bottom-dead-center points and a cylinder head compris-
ing an intake valve and an exhaust valve; the piston recipro-
cating 1n repetitive cycles each cycle comprising intake, com-
pression, expansion, and exhaust strokes. The method
comprises adapting a plurality of the pressure sensing devices
30 to momnitor in-cylinder pressure during ongoing operation,
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when operating the engine lean of stoichiometry. The in-
cylinder pressure 1s monitored, with a corresponding engine
crank position measured by the crank sensor. The engine 1s
operated 1n a motoring mode and instantaneous n-cylinder
pressure states are determined during the compression and
expansion strokes. The engine 1s operated with cylinders fir-
ing and instantaneous in-cylinder pressure states are again
determined during the compression and expansion strokes.
Pressure ratios based upon the imnstantaneous in-cylinder pres-
sure states, and a crank angle error 1s calculated based upon
the pressure ratios. The monitored engine crank position 1s
adjusted based upon the crank angle error.

The engine 1s preferably operated in a motoring mode
during ongoing operation by disabling fuel flow during decel-
eration events, often referred to as ‘decel fuel cutofl” events,
to monitor and determine instantaneous in-cylinder pressure
states during the compression and expansion strokes. The
engine can be operated 1n a motoring mode 1n an engine
assembly plant by motoring the engine with an attached dyna-
mometer to spin the engine. When the engine 1s operably
connected to an electro-mechanical transmission or other
hybrid powertrain device, the fuel flow can be disabled during,
ongoing operation of the powertrain and the operator torque
request met by torque output from the electro-mechanical
transmission, which concurrently spins the engine.

The method includes cylinder pressure sensing to accu-
rately estimate compression ratio and piston position 1n situ,
1.€., during ongoing operation. The method described herein
1s computationally simple, utilizing sensor outputs that are
substantially linear or ratiometric, 1.e., a sensor having an
output that changes corresponding to a change 1n the moni-
tored pressure. There 1s no requirement or need for calibrated
SENSors.

The method utilizes pressure ratio management (PRM),
wherein a ratiometric measure of cylinder pressures for an
engine 1s determined for fired and motored cylinders, as a
function of piston position. Cylinder pressure signals are
captured during compression and expansion strokes of the
engine cycle, with the engine operating 1n firing mode, and 1n
a motoring mode.

The cylinder pressure, comB_ PR, 1s preferably measured
using the sensors 30 at several discrete crank angle locations
at which cylinder volume 1s known. The cylinder volume can
be determined at the crank angle locations using known slider
equations and engine dimensions. At least two measurements
are made prior to signmificant heat release, typically between
35 and 50 degrees bTDC, to determine the motoring pressure
and signal bias related to polytropic equations, as discussed
hereinbelow. Other measurements are made at crank angle
locations appropriate to characterize combustion timing from
the combustion ratio thereat. Another measurement 1s taken
alter combustion 1s complete, typically around 55 degrees
aTDC.

It 1s assumed that a polytropic compression 1s used to
reference the floating signal level. Polytropic compression 1s
be expressed as follows:

PV*=CONSTANT (1)

wherein P comprises indicated pressure and V comprises
cylinder volume at the piston position. For the PRM tech-
nique an ideal motoring pressure 1s computed through the
entire engine cycle. Ideal motoring assumes that the exponent
n 1s a constant and there 1s no heat loss.

The ratio of the pressure signal output for a fired cylinder,
corrected for bias, divided by the pressure signal output for a
motored cylinder at the same crank angle, results 1n a pressure
ratio vs. crank angle whose characteristics are useable for
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engine control. The ratio process eliminates the need for
knowing the gain of the sensor 30.

Referring now to FIG. 2, there 1s depicted a pressure ratio
that has been computed from pressures measured from a
non-firing diesel engine motored at 1000 rpm. The pressures
have been divided by an “1deal motored pressure” computed
from a polytropic calculation of the motored pressure with a
value of n=1.365. This value of n 1s established as a reason-
able value for air at the temperature corresponding to the
temperature where the samples are taken to calculate any
transducer bias, 1.e., 50 crank angle degrees betfore top-dead-
center (bTDC). This 1s demonstrated with reference to Eq. 2:

PV"=PsVy" (2)

wherein P, and V, comprise pressure and cylinder volume
at zero crank degrees. An 1deal compression with constant
properties results 1n a constant value of one. Because of heat
losses the pressure ratio 1n FIG. 2 1s seen to fall below the 1deal
as the piston approaches TDC and thereafter. The results
depicted with reference to FIG. 2 are referred to as a “motor-
ing reference” and are generated from the engine with known
compression ratios (cr) and an accurately positioned crank
shaft position sensing system including an encoder.

Referring now to FIG. 3, exemplary motoring pressure
ratio states are depicted based upon crank angle, for arange of
compression ratios (cr). The pressure ratio curves comprise
recomputed pressure ratio states with altered clearance vol-
umes (1.€., to represent error) thus generating the range of
compression ratios depicted. Sensor bias 1s recomputed for
cach volume characteristic to yield a pressure ratio of 1.0
around 30 degrees bTDC. Although the bias is truly 1n error,
the net effect 1s that at the corresponding timing in the range
of 50 degrees aTDC the volume errors have a minimal effect
on the pressure ratio value.

Referring now to FIG. 4, the reference motoring trace of
FIG. 2 1s recomputed with volumes determined with a crank
angle error introduced, again computing a new bias for each
of the curves. The output depicts etflect of crank angle phasing
errors on the motored pressure ratio. The results indicate that
the phasing errors have a strong influence on the pressure
ratio values after top-dead-center. Since compression ratio
had a minimal influence on the pressure ratio value at 50
degrees alDC 1t 1s reasonable to estimate any crank angle
error by reading the pressure ratio and calculating the error
based on the established reference motoring value at that
crank angle and the pre-established sensitivity for the engine,
as 1s indicated in FIG. 4.

Therefore, a corrected value of the pressure ratio value can
be calculated using the phasing error established from the
measurement at 50 degrees alDC. A correct value for com-
pression ratio 1s established from the characteristics of the
pressure ratio curve in FIG. 4 or established from motoring
calibration of the motoring reference curve with a range of
altered compression ratios. Thus, the crank angle error

(CA_error) for the exemplary engine 1s determined as 1n Eq.
3:

CA_error=k1%*(0.78—-Pratio(50)) (3)

wherein:

Pratio(50) comprises the pressure ratio value at 50 degrees
alDC;

k1 comprises a scalar correction factor, preterably derived
during preproduction development; and,

the scalar 0.78 1s determined based upon the pressure ratio
value at 50 degrees a1 DC when the engine 1s motoring.
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In like manner, the value of the pressure ratio at TDC, 1.¢.
0, 1s corrected, as determined 1n Eq. 4:

Pratio(Corrected)=Pratio(0)+CA_error*k2 (4)

wherein Pratio(0) comprises the pressure ratio at TDC;
and.,

k2 comprises a scalar correction factor, preferably derived
during preproduction development.

All pressure data 1s derived using crank angle data which
has been measured using the crank sensor 44 and multi-tooth
target wheel 26. Theretore, the crank angle error 1s applied as
an offset to the measured crank angle during ongoing opera-
tion to provide a corrected crank angle that accurately retlects
engine crank angle and piston position derived therefrom.
The corrected crank angle 1s used during ongoing engine
operation to control crank-angle controlled engine actuators
and for other control. Correspondingly, an error in compres-
s10n ratio can be determined based upon the pressure ratio
error and crank angle error, which can be used for engine
control. Engine compression ratio monitoring can be used to
monitor cylinder integrity to verity proper engine assembly,
and confirm integrity of each cylinder, including gaskets,
pistons, valves, pistonrings, and other components. The com-
pression ratio monitor can be applied during ongoing engine
operation, during engine assembly, and during system evalu-
ation and diagnosis during the service life of the engine.

Generally the intent of the method 1s for onboard correc-
tions for use with pressure-based feedback control systems.
The established errors are useable to adjust metrics from
sampled pressures and readjust the calibration as 1t 1s aiffected
by compression ratio and 1njection delivery timing readjust-
ment. Engine actuators can be controlled based upon the
determined crank angle error further, including controlling
timing of fuel injection when the engine i1s operating 1n a
compression-ignition mode, and controlling spark 1gnition
timing when the engine comprises an engine that 1s selec-
tively operative 1n either one of a spark-ignition mode or a
compression ignition mode, such as a homogeneous charge
compression 1gnition engine (HCCI). This includes control-
ling phasing of engine intake and exhaust valves via the
alorementioned variable cam phasing system.

The method can be applied in situ, during ongoing opera-
tion 1n the service life of the engine, by disabling individual
cylinders or all cylinders at approprnate times and conditions.
In the exemplary system, the motoring reference was estab-
lished for a 1000 RPM at a set coolant temperature. Any
differences may have an influence on the motoring reference.
The motorning reference (e.g., that depicted in FIG. 2) 1s
preferably established for engine operating condition which
are conveniently imposed.

Onboard methods can be applied to monitor integrity of the
cylinder and/or the accuracy of the crank position sensing
system. Beyond its application for onboard systems the
method can be directly applied as a factory tool for monitor-
ing manufacturing and assembly accuracy, resulting 1n
adjustments to engine calibrations for a group of engines, an
individual engine, and an individual cylinder. Similarly the
method can be used as a service diagnostic tool.

While the invention has been described by reference to
certain preferred embodiments, it should be understood that
changes can be made within the spirit and scope of the mnven-
tive concepts described. Accordingly, 1t 1s intended that the
invention not be limited to the disclosed embodiments, but
that it have the full scope permitted by the language of the
tollowing claims.
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The invention claimed 1s:

1. Method for controlling operation of an internal combus-
tion engine, the engine ongoingly operative in repetitive
cycles each cycle comprising intake, compression, expan-
s1on, and exhaust strokes, the method comprising:

monitoring 1in-cylinder pressure and a corresponding
engine crank position;
operating the engine in a motoring mode and determining,

a plurality of instantaneous in-cylinder pressure states
and corresponding engine crank positions;

operating the engine 1n a cylinder firing mode and deter-
mining a plurality of instantaneous in-cylinder pressure
states at the corresponding engine crank positions;

determining a plurality of pressure ratios during ongoing,
engine operation at the corresponding engine crank
positions based upon the instantaneous in-cylinder pres-
sure states, each pressure ratio comprising a ratio
between the instantaneous in-cylinder pressure state at
the engine crank position determined when operating
the engine 1n the motoring mode and the corresponding
instantaneous in-cylinder pressure state at the engine
crank position determined when operating the engine 1n
the finng mode; and,

determining an 1nstantaneous crank angle error associated
with the pressure ratios determined during the ongoing
engine operation.

2. The method of claim 1, wherein operating the engine 1n
a motoring mode comprises deactivating fuel flow to the
engine while the engine 1s spinning.

3. The method of claim 2, wherein deactivating fuel tlow to
the engine while the engine 1s spinning comprises deactivat-
ing the fuel during an engine deceleration event.

4. The method of claim 2, wherein deactivating fuel flow to
the engine while the engine 1s spinning further comprises
spinning the engine with an electric machine.

5. The method of claim 1, further comprising applying the
instantaneous crank angle error as an oifset to the monitored
engine crank position to determine a corrected crank angle
during the ongoing engine operation.

6. The method of claim 3, further comprising controlling an
engine actuator based upon the corrected crank angle.

7. The method of claim 6, wherein controlling an engine
actuator based upon the corrected crank angle further com-
prises controlling timing of fuel 1njection when the engine 1s
operating 1n a compression-ignition mode.

8. The method of claim 6, wherein controlling an engine
actuator based upon the corrected crank angle further com-
prises controlling spark 1ignition timing when the engine com-
prises a spark-1gnition engine.

9. The method of claim 5, wherein controlling an engine
actuator based upon the corrected crank error further com-
prises controlling phasing of an engine intake valve.

10. Method to determine a position of a piston in a cylinder
of an engine, said engine comprising a direct-injection, four-
stroke, internal combustion engine including a variable vol-
ume combustion chamber defined by the piston reciprocating
within the cylinder between top-dead-center and bottom-
dead-center points and a cylinder head; the piston reciprocat-
ing in repetitive cycles each cycle comprising intake, com-
pression, expansion, and exhaust strokes, the method
comprising;

adapting a plurality of pressure sensing devices to monitor

in-cylinder pressure during ongoing operation;
monitoring in-cylinder pressure and a corresponding
engine crank position;
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operating the engine 1n a motoring mode and determining,
a plurality of instantaneous in-cylinder pressure states
and corresponding engine crank positions;

operating the engine 1n a cylinder firing mode and deter-
mining a plurality of instantaneous in-cylinder pressure
states at the corresponding engine crank positions;

determining a plurality of pressure ratios at the correspond-
ing engine crank positions based upon the instantaneous
in-cylinder pressure states, each pressure ratio compris-
ing a ratio between the instantaneous m-cylinder pres-
sure state at the engine crank position determined when
operating the engine 1n the motoring mode and the cor-
responding instantaneous in-cylinder pressure state at
the engine crank position determined when operating
the engine 1n the firing mode;

determining an instantaneous crank angle error associated
with the pressure ratios determined during the ongoing
engine operation; and,

adjusting the momtored engine crank position based upon

the instantaneous crank angle error.

11. The method of claim 10, further comprising;:

determining a compression ratio error based upon the pres-

sure ratios; and,

monitoring cylinder integrity based upon the compression

ratio error.

12. Method to determine a position of a piston 1n a cylinder
of an engine, said engine comprising a direct-injection, four-
stroke internal combustion engine including a variable vol-
ume combustion chamber defined by the piston reciprocating
within the cylinder between top-dead-center and bottom-
dead-center points and a cylinder head; the piston reciprocat-
ing 1n repetitive cycles each cycle comprising itake, coms-
pression, expansion, and exhaust strokes, the method
comprising;

adapting a plurality of pressure sensing devices to monitor

in-cylinder pressure during ongoing operation;
operating the engine lean of stoichiometry;

monitoring 1n-cylinder pressure and a corresponding

engine crank position;

operating the engine 1n a motoring mode and determining,

a plurality of instantaneous in-cylinder pressure states
and corresponding engine crank positions;
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operating the engine 1n a cylinder firing mode and deter-
mining a plurality of instantaneous in-cylinder pressure
states at the corresponding engine crank positions;

determiming a plurality of pressure ratios at the correspond-
ing engine crank positions based upon the instantaneous
in-cylinder pressure states, each pressure ratio compris-
ing a ratio between the nstantaneous in-cylinder pres-
sure state at the engine crank position determined when
operating the engine 1n the motoring mode and the cor-
responding instantaneous in-cylinder pressure state at
the engine crank position determined when operating
the engine 1n the firing mode;

determining an 1nstantaneous crank angle error associated
with the pressure ratios determined during the ongoing
engine operation; and,

adjusting the monitored engine crank position based upon
the instantaneous crank angle error.

13. The method of claim 12, wherein operating the engine
in the motoring mode comprises deactivating fuel flow to the
engine while the engine 1s spinning.

14. The method of claim 13, wherein operating the engine
in the cylinder firing mode comprises activating fuel flow to
the engine.

15. The method of claim 12, further comprising:

operating the engine i1n the motoring mode and 1n the
cylinder firing mode during the ongoing engine opera-
tion;

determining the plurality of pressure ratios based upon the
instantaneous in-cylinder pressure states determined
during the ongoing engine operation;

determining the instantaneous crank angle error associated
with the pressure ratios determined during the ongoing
engine operation; and,

adjusting the monitored engine crank position based upon

the mstantaneous crank angle error during the ongoing
engine operation.

16. The method of claim 12, further comprising an engine
and control module operative to execute the method.
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